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RESUME  
Enregistrement des paramètres ventilatoires par les dispositifs de VNI: un 
nouvel outil pour la détection précoce d’exacerbation chez des patients 
BPCO traités au long cours par VNI? 
 
Introduction : Les paramètres physiologiques enregistrés par les dispositifs de VNI peuvent 
montrer des modifications caractéristiques les jours précédents une exacerbation chez des 
sujets BPCO traités par VNI à domicile. 
Objectif : Evaluer quotidiennement les éventuelles variations concernant la fréquence 
respiratoire (FR), le pourcentage de cycles déclenchés par le patient (% cycles), et l’utilisation 
journalière de la VNI (VNI) pour permettre une identification précoce des exacerbations. 
Méthodes : Les paramètres de VNI ont été collectés et analysés chez des sujets BPCO traités 
au long cours par VNI. Durant une période de suivi de 6 mois, les patients ont complété 
chaque jour les questionnaires EXACT-pro. Les 25ème et 75ème percentiles de chaque 
paramètre ventilatoire (FR, % cycles, VNI) ont été calculés à partir du 4ème jour de suivi puis 
actualisés quotidiennement. Pour un jour donné, quand la valeur d’un paramètre était > 75ème 
ou < 25ème, la date était étiquetée valeur anormale (« valeur haute » > 75ème, « valeur basse 
» < 25ème). Des modèles de régression logistique stratifiés ont été utilisés pour estimer le 
risque d’exacerbation lorsque 2 jours ou plus (pour FR, % cycles) ou 3 jours ou plus (pour la 
VNI) sur 5 étaient étiquetés « valeurs anormales ». 
Résultats : 64 patients ont été inclus (moyenne d’âge 71 ans, VEMS = 31,2% valeur prédite, 
IMC = 27,2kg/m-2, CAT score = 18). 21 exacerbations ont été détectées avec EXACT-pro et 
confirmées par un comité d’experts. Le risque d’exacerbation était augmenté lorsque la FR 
(OR =5.6 [1.4; 22.4]) et le % cycles (OR = 4.0 [1.1; 14.5]) étaient considérés comme « valeur 
haute » 2 jours ou plus sur 5 jours. 
Conclusion : les paramètres respiratoires enregistrés par les logiciels de VNI peuvent être un 
outil innovant pour détecter les exacerbations. 
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ABSTRACT 
Respiratory Parameters Recorded by Built-In Ventilator Software: A new 
tool for the Early Detection of Exacerbation in COPD Patients Treated with 
Long-Term Non- Invasive Ventilation?  
 
Background : Physiological parameters recorded by built-in software of noninvasive 
ventilation (NIV) devices may exhibit a characteristic pattern leading up to exacerbations in 
COPD treated by home NIV.  
Objective : To assess whether daily variations in 1) respiratory rate (RR), 2) percentage of 
respiratory cycles triggered by the patient (%Trigg) and 3) NIV daily use allow early 
detection of exacerbation.  
Methods : NIV parameters were collected and analyzed from COPD patients treated by long 
term NIV. Over a period of 6 months (maximum), patients completed the EXACT-Pro 
questionnaire daily. 25th and 75th percentiles of each 24-hour parameter recorded by the 
ventilator (RR, %Trigg, daily use) were calculated from the fourth day of follow-up and 
updated daily. For a given day, when the value of a parameter was > 75th or < 25th percentile 
the date was marked as “abnormal value” (“High-value”>75th, “Low-Value”<25th). Stratified 
conditional logistic regressions were used to estimate the risk of imminent exacerbation when 
two or more days (for RR and %Trigg) or three or more days (for NIV use) out of five were 
marked “abnormal-value”.  
Results : 64 patients were included (mean age: 71years, FEV1=31.2 % of predicted value, 
BMI=27.2kg.m-2; CAT-score =18). 21 exacerbations were detected with EXACT-Pro and 
confirmed by an event committee. The risk of exacerbation was increased when RR (OR =5.6 
[1.4; 22.4]) and %Trigg (OR =4.0 [1.1; 14.5]) were considered as “high-value” on two or 
more days out of five days.  
Conclusion : Respiratory parameters recorded by NIV built-in software may be an innovative 
tool for detecting exacerbations.  
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CONTEXTE 
La bronchopneumopathie chronique obstructive (BPCO) est une maladie respiratoire 
chronique définie par l’obstruction progressive et irréversible des voies aériennes. La cause la 
plus fréquente étant le tabac. Sa prévalence dans la population adulte des pays industrialisés 
est évaluée entre 5 et 10%.  Son évolution est émaillée par un déclin de la fonction 
respiratoire, des risques d’exacerbation pouvant mettre en jeu le pronostic vital et une possible 
évolution vers l’insuffisance respiratoire chronique [1;2].  
Les patients atteints de BPCO font en moyenne 1,2 exacerbation par an. Elles 
correspondent à des augmentations temporaires et itératives de l’inflammation basale des 
voies aériennes secondaires à des facteurs viraux, bactériens ou environnementaux. 
L’identification des exacerbations est basée sur des scores cliniques mais aucune définition 
consensuelle n’existe réellement. Les patients consultent souvent tardivement et ce retard de 
prise en charge a une répercussion importante sur l’histoire naturelle de la maladie mais 
également sur la qualité de vie des patients et sur leurs morbi-mortalité [3;4]. Les 
hospitalisations pour exacerbations représentent un enjeu de santé publique et leur cout pour 
la société est considérable. Ainsi, leur reconnaissance et leur prise en charge précoce sont un 
des enjeux majeurs de la prise en charge de la BPCO.  
A l’heure actuelle, la prise en charge de la BPCO repose sur un éventail de modalités 
thérapeutiques, dont certaines sont encore mal codifiées et validées. 
La ventilation non invasive (VNI) en fait partie, elle peut s’effectuer chez des patients en état 
stable ou au décours d’une exacerbation. Certaines études tendent à montrer que la VNI au 
long cours chez des sujets BPCO hypercapnique en état stable, diminuerait la fréquence des 
exacerbations et des hospitalisations [5;6].  Cependant, cette stratégie n’est pas consensuelle; 
probablement car la caractérisation des patients faisant de fréquentes exacerbations annuelles 
n’est pas clairement définie.  
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Des logiciels spécifiques sont intégrés dans les ventilateurs, et enregistrent des 
données physiologiques du patient en cours du traitement. Ces données concernent 
notamment  l’observance, le volume courant, la fréquence respiratoire, les cycles déclenchés 
par le patient. Ces informations sont utiles pour évaluer l’efficacité de la VNI et adapter les 
réglages au long cours. Cependant, actuellement aucune étude n’avait validé la sensibilité de 
ces paramètres pour détecter précocement une aggravation des patients et/ou les 
exacerbations.    
L’hypothèse de ce travail de thèse étant que la fréquence respiratoire et les paramètres 
ventilatoires enregistrés par les appareils de VNI pourraient montrer des modifications 
caractéristiques dans les jours qui précédent une exacerbation de BPCO.   
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6. Perrin C, El Far Y, Vandenbos F, et al. Domiciliary nasal intermittent positive pressure 
ventilation in severe COPD: effects on lung function and quality of life. Eur Respir J 
1997; 10:2835-9 
 15 
INTRODUCTION  
Chronic Obstructive Pulmonary Disease (COPD) is characterized by progressive 
airflow obstruction that is only partly reversible and systemic comorbidities [1-3]. The natural 
course of COPD is punctuated by episodes of worsening of respiratory symptoms, termed 
exacerbations. These exacerbations accelerate the decline of pulmonary function and increase 
the risk of a subsequent exacerbation [4, 5]. Exacerbations also increase health-care related 
costs and precipitate deterioration in quality of life. Clinically, two types of onset of 
exacerbation have been described: one is characterized by a sudden onset during which the 
“exacerbation threshold” is crossed on the same day as symptoms begin; the second type is 
characterized by a gradual onset of symptoms in the few days preceding an “exacerbation 
threshold” [6]. The early detection of exacerbations is a major goal in COPD management and 
patient-reported symptom diaries have been developed. The Exacerbations of Chronic 
Pulmonary Disease Tool (EXACT) is a validated patient-reported outcome (PRO) measure 
designed to evaluate the frequency, severity and duration of exacerbations of COPD in 
clinical trials [7-9]. A major limitation is the willingness of patients to systematically fill in 
such questionnaires in practice.  
Regardless of the length of the exacerbation prodrome phase, respiratory rate is a 
physiological parameter that changes during an episode of exacerbation of COPD and its 
recovery [10, 11]. In severe COPD patients treated with long term oxygen-therapy, the 
increase in respiratory frequency, monitored daily with a device installed inside the home 
oxygen supply, has been associated with  clinical worsening and subsequent hospitalization 
[11]. Therefore this parameter may serve as a warning that an exacerbation is developing and 
could help physicians to implement early therapeutic interventions and thus improve 
outcomes [12].  
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Since the early 1990’s, mainly in Europe, long term non-invasive ventilation (NIV) 
has become a widespread modality of treatment for COPD patients at the end stage of chronic 
respiratory failure [13-16]. Home ventilators are now equipped with built-in software 
providing “physiological data” such as measurements of respiratory rate, tidal volume, minute 
ventilation and percentage of respiratory cycles triggered by the patient. Although several 
bench-test studies have shown that the reliability of these measurements is variable from one 
device to another and is impacted by major leaks [17] [18], their interest for NIV monitoring 
has been highlighted in a recent review [19]. Also, we have recently demonstrated that in 
COPD patients, NIV use above 9 hours/day was associated with a higher risk of death or 
hospital readmission (Borel, Respirology 2014, in press). Thus, a shift to higher daily use 
recorded by the built-in software could alert clinicians to the need to follow these patients 
more carefully.  
 We hypothesized that the physiological parameters recorded by the built-in software of 
ventilators may exhibit a characteristic pattern in the days preceding an exacerbation which 
would correlate with crossing the EXACT-PRO threshold. The main objective was to assess 
whether day by day variation in the respiratory rate recorded by the built-in software can 
allow early detection of exacerbations in patients with COPD treated by long-term home 
NIV. The secondary objectives were to assess whether the day by day variation in NIV use 
and the day by day variation in percentage of respiratory cycles triggered by the patient could 
also signal this prodrome phase of exacerbation. 
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MATERIALS AND METHODS 
Study participants : 
COPD patients (FEV1/FVC<70% and FEV 50% of predicted value) treated at home 
with long term non-invasive ventilation and oxygen-therapy were identified through a 
regional home-care provider’s database (AGIR à dom, Meylan, France). Patients included 
were treated with home ventilators with built-in software that recorded day by day NIV use, 
respiratory rate, and the percentage of inspirations triggered by the patients. Anthropometric 
data, the “COPD Assessment Test” (C.A.T) questionnaire [20], and smoking status were 
recorded at inclusion. Medical history, lung function and arterial blood gas values were 
collected from patients’ medical charts (data from last routine follow-up medical visit 
scheduled to ensure NIV efficacy). 
Our institutional review board (IRB-6705) approved this study and all patients included 
signed a written informed consent. 
 
Assessment of exacerbations :  
Description of the systematic follow-up : 
1) Patients were instructed how to fill in the EXACT-Pro diary booklet in a one-to-one 
interview following guidelines from the EXACT-Pro manual. Patients completed their diary 
every day for a maximum of 6-months.  
2) A weekly standardized phone call aimed to identify any deterioration in the patient’s 
clinical status using the six following questions: i) breathlessness, ii) sputum production, iii) 
cough, iv) whether he/she had seen a general practitioner (GP) for breathing problems, v) 
whether they felt any deterioration in their health, vi) whether they modified their daily 
activities for health reasons. 
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3) When a patient’s clinical status was stable, a monthly home visit was scheduled to collect 
the completed EXACT-Pro diaries, to deliver new ones and to download data from the 
ventilator. Downloaded data covered the entire previous 4 weeks. 
4) In cases of deterioration in clinical status identified during the weekly phone call, a home 
visit by a nurse was organized and patients were asked to pursue their treatment or contact 
their GP if needed. Nurses also recorded any changes in medications, downloaded data from 
the ventilator, collected the completed EXACT-Pro diary and provided a new booklet. A CAT 
test was also performed. In case of hospitalization the nurse made the visit at hospital. After 
this visit, the EXACT-Pro score was analyzed; if the threshold of exacerbation was exceeded 
a second home visit was performed 14 days later. The clinical diagnosis of exacerbation was 
confirmed by two pneumologists (JP, AB) based on a review of the GP’s report and the 
patient’s medical chart. All NIV-related data downloaded by nurses were stored for 
subsequent analysis (see details below).  
For a given patient, the study was completed 14 days after the onset of exacerbation or after 6 
months without exacerbation.  
 
Tools for exacerbation detection : 
- Exact-Pro questionnaire 
The EXACT-Pro is a 14-item daily diary which scores from 0-100, with higher scores 
indicating a more severe condition. Specifically, changes in the total score are used to define 
onset and recovery, as well as the magnitude of an exacerbation. Three score domains reflect 
i) breathlessness, ii) cough and sputum, and iii) chest symptoms. Patients were provided with 
the validated French version of this questionnaire in a booklet format for a 30 day period. We 
signed a licensing agreement (United Biosource Corporation) and the Exact-Pro data was 
analyzed according to the recommendations of the developers. Events were defined in one of 
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the two following ways: Either, an increase in the total score of ≥12 points above the patient’s 
mean baseline score for 2 consecutive days, or, an increase of 9 points above the baseline 
score for 3 consecutive days.  
- Analysis of data recorded by Built-In software of Home Ventilators 
Parameters given by NIV software included daily usage, leaks, minute ventilation, 
respiratory rate, tidal volume and percentage of respiratory cycles triggered by the patient. 
They are displayed as a median value/day or mean value/day according to the model of the 
ventilator (Rescan RESMED/EncorePro2, PHILIPS RESPIRONICS). 
We developed specific data analysis for exacerbation detection. For each patient, the follow-
up period was divided into blocks of 5 days from the beginning of the follow-up to onset of 
exacerbation (given by the Exact-Pro score); the five days before the onset of exacerbation 
were a priori defined as the “pre-exacerbation period”. Three parameters were considered i) 
Respiratory rate (number of breaths/minute); ii) percentage of respiratory cycles triggered by 
the patient (%) and iii) daily usage (hours/day). These parameters were analyzed as follows 
(figure 1) : 
1) 25th and 75th percentiles of each 24-hour parameter (RR, %Trigg, daily use) were 
calculated from the fourth day of follow-up and updated on a daily basis. 
2) For a given parameter, when a recorded 24-hour value (mean or median according to the 
ventilator model) for a given day was above the 75th percentile, the date was marked as 
“High-Value”. Inversely, when the recorded 24-hour value was below the calculated 25th 
percentile, it was marked as “Low-Value”. 
For respiratory rate and percentage of respiratory cycles triggered by the patient, only “High-
Values” were considered as abnormal. For daily NIV use, “high-value” or “low-value” were 
both considered as abnormal as patients could respond to a clinical deterioration either by 
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increasing NIV usage (in case of relief of dyspnea with NIV)  or by decreasing NIV usage 
owing to a poor tolerance of the device at the preset settings of NIV during an exacerbation.  
Sample size estimation and statistical analysis: 
Sample Size: Since no published data was available regarding any changes in 
parameters recorded by built-in NIV software during an exacerbation, we arbitrarily chose to 
target the same number of exacerbations as in the study of Yanez et al (20 exacerbations) 
[11]. Assuming comparable patient severity, we considered that the recruitment of at least 60 
patients followed-up for 6 months would allow us to document at least 20 exacerbations. 
Statistical analysis: Data were analyzed using Statistical Analysis System (SAS®) 
software version 9.1.3 (SAS Institute, Cary, NC, USA). Continuous data are expressed as 
mean (SD) or median (interquartile range) according to the distribution of each variable and 
categorical data as percentage.  Unpaired t-tests or Mann and Witney tests were used to 
compare anthropometric and clinical variables between patients who had presented an 
exacerbation (threshold of exacerbation calculated with Exact-Pro score plus confirmation by 
the event committee) and those who had not. The same tests were used to compare patients 
who dropped-out versus those who completed the study.  
Stratified (one strata/patient) conditional logistic regression models were used to estimate the 
risk of exacerbation when two or more days (for respiratory rate and % of cycles triggered) or 
three or more days (for NIV daily usage) out of five days were scored as “abnormal-values”. 
The choice of two or more days (for respiratory rate and % of cycles triggered) and three or 
more days (for NIV daily usage) was based on minimization of the Akaike Information 
Criterion (AIC) and maximization of sensitivity. 
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RESULTS 
Patients’ characteristics   
Figure 2 shows the study flow chart. Among 96 eligible patients, 34 (35%) were not 
included or withdrew early on from the study because they did not have sufficient reading 
skills or were embarrassed completing the Exact-Pro questionnaire. Table 1 shows patients’ 
characteristics. Regarding the 2013 Global Initiative for Chronic Obstructive Lung Disease 
(GOLD) update [21], patients included were classified as stage D and were severely impaired 
(mean CAT = 18 ± 6). Forty-four patients completed the study and twenty patients dropped-
out. Interestingly, this latter group of patients had lower daily oxygen-therapy compliance, 
exhibited a nearly significant trend to be worse compliers with NIV and reported a higher rate 
of current smoking than the group of patients that completed the study.  
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Figure 2: Study Flow Chart 
 Patients with chronic respiratory failure treated at 
home  with long-term-NIV and long-term-oxygen identified through 
the data base of a regional home care provider  
(n= 468) 
-mild to moderate COPD 
-other causes of chronic respiratory failure than COPD 
(n= 292) 
Eligible Patients (n=96)  
Resident a long distance away, making monthly and 
unprogrammed home visits difficult to organize  
(n= 80) 
 
Patients who declined participation (n=15) 
Insufficient reading skills for EXACT-PRO (n=17)  
Included Patients (n=64) 
Patients discontinuing follow-up:  
Uncomfortable with the daily questionnaire (n=17)  
Referred to a pulmonary rehabilitation unit (n=2) 
Referred to another home care provider (n=1)  
Patients with complete evaluation 
(n=44) 
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Table 1: Baseline demographic and clinical characteristics 
Characteristics 
 
total 
(n = 64) 
Exacerbated 
(n = 21) 
Non Exacerbated  
(n = 23) 
Dropouts  
(n = 20) 
Age, years 71 (9) 72 (6) 72 (10) 70 (10) 
Male, n (%) 40 (63) 12 (57) 15 (65) 13 (65) 
BMI, Kg/m2 27.2 [21.7;30.7] 23.9 [21.9;28.9] 27.4 [21.5;30.1] 28.4 [22.2;31.4] 
Current smokers, n (%)  14 (23.0) 3 (15.0) 4 (18.2) 7 (36.8) 
Former smokers, n (%)  36 (59.0) 14 (70.0) 13 (59.1) 9 (47.4) 
Dyslipidemia, n (%)  21 (32.8) 3 (14.3)* 11 (47.8) 7 (35.0) 
Diabetes, n (%) 15 (23.4) 5 (23.8) 5 (21.7) 5 (25.0) 
Hypertension, n (%) 35 (54.7) 13 (61.9) 13 (56.5) 9 (45.0) 
FEV1/FVC, (%) 44.6 (13.0) 42.4 (12.0) 44.1 (13.8) 47.7 (13.2) 
FEV1, L  0.8 [0.6;0.9] 0.7 [0.5;1.0] 0.8 [0.5;0.9] 0.9 [0.7;1.0] 
FEV1, % predicted 31.2 [23.9;39.7] 30.5 [22.4;38.6] 29.6 [20.9;38.1] 35.0 [29.0;48.2] 
PaO2 (kPa) 8.6 [7.7;10.3] 8.4 [7.4;10.6] 9.4 [8.2;10.8] 8.3 [7.3;9.6] 
PaCO2 (kPa) 6.0 [5.5;6.7] 5.9 [5.4;6.6] 6.0 [5.4;6.5] 6.0 [5.5;7.2] 
pH 7.42 (0.04) 7.43 (0.03) 7.43 (0.03) 7.40 0.04) 
Months on domiciliary 
oxygen therapy  47 [24;82] 52 [27;99] 49 [29;80] 40 [18;50] 
Oxygen therapy use 
(hours/day) 14.1 [8.1;23.0] 19.5 [9.8;23.2] 16.7 [10.0;23.0] 9.0 [6.5;18.6]‡ 
Months on NIV 36 [15;60] 38 [8;71] 38 [21;68] 28 [9;55] 
NIV use (hours/day) 7.5 (2.9) 7.6 (3.0) 8.0 (2.3) 6.9  3.5) 
CAT score  18 (6) 20 (6) 17 (6) 18 (7) 
 
Continuous data are presented as mean (SD) or median [25th, 75th Inter Quartile Range], 
depending on validation of normality of data distribution. 
Categorical data are expressed as percentage.  
Definition of abbreviations:  
CAT = COPD Assessment Test™; COPD = chronic obstructive pulmonary disease; BMI = 
body mass index; SD = standard deviation; FEV1 = forced expiratory volume in 1 second 
*: p-value ≤ 0.05 between Exacerbated and Non-Exacerbated. 
‡: p-value ≤ 0.05 between Dropouts and  “Exacerbated plus Non-Exacerbated”. 
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NIV parameters predicting a risk of exacerbation  
Table 2 reports NIV settings and parameters recorded by NIV software during the “stable 
state” period and the pre-exacerbation period for the 21 patients who had an exacerbation.  
 
Table 2: NIV settings and Parameters recorded by NIV software during “stable state” 
period and “pre-exacerbation period” (n=21 patients).  
 
  
Stable State (from 
inclusion to J-6 before 
onset of exacerbation) 
5 days preceding onset 
of exacerbation 
(EXACT-score) 
NIV settings    
IPAP (cmH2O) 15 [14; 16]   
EPAP (cmH2O) 6 [6; 6]   
Pressure support (cmH2O) 11 [8;13]   
Back-up rate (number/min) 14 [13;16]   
Parameters recorded by 
NIV software 
 
  
NIV Daily use, hours/day 8.2 [7.8; 8.8] 7.8 [7.2; 8.7] 
Respiratory rate; cycles/min  16 [16; 16] 17 [16; 17] 
percentage of respiratory 
cycles triggered by patient 64 [54; 72] 68.0 [63; 77] 
Leaks, L/min  1.2 [0.6; 4.8] 2.4 [1.2; 2.4] 
Ventilation, L/min 8.8 [8.3; 9.4] 8.7 [8.4; 9.1] 
Tidal Volume, mL 468 [555; 490] 476 [449; 488] 
 
Data are presented as median [25th; 75th Inter Quartile Range] of the values recorded by NIV software. 
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Table 3 shows that the risk of exacerbation increased when the respiratory rate and the 
percentage of respiratory cycles triggered by the patient increased: when one of these two 
parameters was considered as “High Value” (i.e. above the 75th of a moving window value) 
for two or more days out of the five day window. The variation in daily usage of NIV (above 
the 75th or below the 25th percentile of moving values) also tended to be associated with a risk 
of imminent exacerbation.  
 
Table 3: Changes in NIV parameters associated with the risk of exacerbation. 
 Odd Ratio [95% CI] P-value Sensitivity Specificity PPV NPV 
Respiratory rate 5.6 [1.4; 22.4] 0.01 46.2 89.7 31.6 94.2 
% of respiratory 
cycles triggered 4.0 [1.1; 14.5] 0.037 53.8 76.2 18.9 94.1 
Daily use of NIV 3.0 [0.8; 11.3] 0.097 - - - - 
 
Stratified conditional logistic regression models 
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Figure 1: Schematization of data analysis for detecting exacerbation  
 The five days before exacerbation onset were a priori defined as the “pre-exacerbation 
period”. Black diamonds represent day by day values of each specific parameter (here 
respiratory rate). White squares and white triangles represent the 25th and 75th percentiles of 
24- hour mean/median values for each specific parameter (here respiratory rate) which were 
updated on a daily basis. 
For a given parameter, when a value recorded on a given day was above the 75th percentile 
value, it was marked as as “High-Value”. Likewise, when the value recorded was below the 
25th percentile of the 24- hour mean/median values, it was marked as “Low-Value”. 
 
 
Figure 1. 
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Figure 3 shows, for the 21 exacerbations recorded,  the daily symptoms (EXACT-pro score), 
use of NIV, respiratory frequency and triggered cycles in the 14 days preceding and following 
onset of the exacerbation. 
 
 
Figure 3: EXACT-Pro score, daily use of NIV, respiratory frequency and triggered cycles in 
the 14 days preceding and following the onset of exacerbation (n=21).  (A) EXACT score. (B) 
Daily use of NIV. (C) Respiratory rate. (D) Percentage of respiratory cycles triggered by the 
patient.  (Data are reported as mean and standard error)  
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DISCUSSION 
 
The main novelty of this study is that the evolution over time of physiological 
parameters recorded by the built-in software allows early detection of exacerbation in patients 
with COPD treated by long-term home NIV. The day by day variation in respiratory rate and 
percentage of respiratory cycles triggered by the patient were predictive of the risk of 
imminent exacerbation. One of the strengths of our study was to include exacerbations that 
were strictly documented not only by the EXACT-Pro tool but also validated by a nurse 
during a home-care visit and subsequently reviewed by an event committee of two 
pneumologists blinded to the Exact-Pro scores.  
Our study population is particular as it included severe COPD patients using home 
NIV. This is a sub-group of great interest, as they typically demonstrate a high rate of severe 
exacerbations requiring hospitalization. Accordingly, 50% of the patients who completed the 
study actually exhibited an exacerbation. The CAT score was very high characterizing the 
extremely precarious state of severity of this population and anticipated the high probability 
of frequent acute exacerbations of COPD [22]. It has been reported that domiciliary NIV for a 
highly selected group of COPD patients with recurrent admissions, is effective at reducing 
admissions and minimizes costs from the perspective of the hospital [16]. Therefore, the early 
detection and management of these episodes of exacerbation using NIV software would 
improve recovery, quality of life and reduce the risk and length of hospitalization [12]. 
Several tools to detect the early phase of COPD exacerbation have been proposed. 
Daily self-reported patient questionnaires about symptoms have been developed [8 23]. 
However, as our flow chart shows, about one third of screened patients were not included or 
withdrew from the study because they had insufficient reading skills or were uncomfortable 
filling in such questionnaires; suggesting that questionnaires cannot be generalized in routine 
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practice for COPD patients. The EXACT questionnaire is an effective method of evaluating 
the severity of chronic obstructive pulmonary disease exacerbation, nevertheless, concerns 
remain about its ability to accurately detect all exacerbations [24]. Thus patients not only find 
questionnaires difficult to complete on a daily basis, but their accuracy is still disputed. This is 
particularly true for more severe patients that characterized our study population. These 
patients exhibit a reduced increase in their EXACT score at exacerbation because their 
baseline score is already very high due to the disease severity and thus limits sensitivity owing 
to a ceiling effect. 
 Home telemonitoring that involved the use of information and communication 
technologies by patients for the timely transmission and remote monitoring of vital signs, 
biometrics, and disease-related data from the patient’s residence to a clinician (eg, nurse, 
doctor, or allied health professional) at a health care center, has been tried for COPD patients 
[25]. Although such telemonitoring appeared to have a positive impact on patient’s behaviour 
due to an increased feeling of security and improved their self-consciousness about their 
health and symptoms,  procedures requiring the active implication of patients in home 
measurements are associated with a progressive decline in investment and poor patient 
adherence to the monitoring system [26]. Furthermore, elderly patients, over 70, as in our 
study, often feel ill at ease with new technologies [27]. Finally, the cost-effectiveness of such 
telemonitoring has not yet been demonstrated. In contrast, the early detection of exacerbation 
using NIV parameters requires neither the patient’s involvement nor additional costly sensors. 
This approach may contribute to a better acceptance by patients of a telemonitoring system.  
Furthermore, it is feasible, as new remote home monitoring systems that allow the wireless 
transmission of data to a web platform, are now available for NIV devices [28].Our data 
shows that in the prodrome phase of exacerbations, patients treated with NIV exhibit changes 
in respiratory parameters. As expected, and as previously reported in patients under long term 
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oxygen therapy [11], the respiratory rate increased and this was the most sensitive and 
specific change. Regarding daily NIV usage, some patients increased their use of NIV, 
probably aiming to reduce breathlessness and to rest respiratory muscles. On the contrary, a 
subgroup of patients reduced their adherence to NIV, certainly reflecting intolerance and/or 
inadequacy of the ventilator settings that could not be changed without the intervention of a 
healthcare professional. Our data show that in the  majority of cases increased the rate of 
respiratory cycles triggered by the patient was increased, which can lead to more asynchronies 
and a poorer tolerance in the event of hyperinflation owing to excessive pressure [29]. One of 
the interests of an early detection of exacerbation in these long term NIV users is to be able to 
adjust NIV settings according to the patient’s clinical condition.   
Our study has some limitations.  The small number of participants exhibiting 
exacerbation (n=21) might lead to a type 2 error regarding the daily use of NIV. The 
sensitivity of the respiratory rate for detecting exacerbations was only 46% and could be 
explained by the existence of two typical patterns of exacerbation in COPD [6].  Indeed, half 
of COPD exacerbations are sudden without a prodrome phase.  In these cases, the software 
built-into the home ventilators would not record any predictive changes in physiological 
parameters. Further large scale studies should aim at providing information regarding the 
most effective combination of respiratory parameters that can be downloaded from NIV 
software to allow the better early detection of exacerbation. 
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CONCLUSION  
Our study is the first demonstrating that exacerbations of COPD can be detected 
during the prodromal phase by the evolution over time of respiratory parameters recorded by 
NIV built-in software.  These results are promising since this approach requires neither the 
patient’s active involvement nor additional sensors in the patient’s environment.  Future 
randomized control trials are needed to investigate whether these respiratory parameters 
recorded by NIV built-in software and implemented in a telemonitoring program will reduce 
hospitalizations and are cost-effective in COPD patients treated with home-based NIV.  
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